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Iknergy use per person

Measured in kilowatt-hours® per person. Here, energy refers to primary energy® using the substitution method®.
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1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one joule per second, a
watt-hour is equivalent to 3600 joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh), or a thousand
watt-hours. - Megawatt-hours (MWHh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion
watt-hours.

2. Primary energy: Primary energy is the energy available as resources - such as the fuels burnt in power plants - before it has been transformed.

This relates to the coal before it has been burned, the uranium, or the barrels of oil. Primary energy includes energy that the end user needs, in the

form of electricity, transport and heating, plus inefficiencies and energy that is lost when raw resources are transformed into a usable form. You can
y f o F Y

read more an the different ways of measuring energy in our article.

3. Substitution method: The ‘substitution method’ is used by researchers to correct primary energy consumption for efficiency losses experienced

wind and solar electricity is as inefficient as coal or gas. To do this, energy generation from non-fossil sources are divided by a standard ‘thermal
efficiency factor’ - typically around 0.4 Nuclear power is also adjusted despite it also experiencing thermal lasses in a power plant. Since it's

reported in terms of electricity output, we need to do this adjustment to calculate its equivalent input value. You can read more about this adjustment
in our article.
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https://electrek.co/2024/03/05/amazon-just-bought-a-100-nuclear-powered-data-center/
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Definitions (from Oxford Dictionary of Physics):

Energy

A measure of a system’s ability to

dO WOFK. Like work itself, it is measured in joules. Energy is

conveniently classified into two forms: potential energy is the energy
stored in a body or system as a consequence of its position, shape,
or state (this includes gravitational energy, electrical energy, nuclear
energy, and chemical energy); kinetic energy is energy of motion and
Is usually defined as the work that will be done by the body
possessing the energy when it is brought to rest. For a body of mass
m having a speed v, the kinetic energy is mv2/2 (classical) or
(m-mO0)c2 (relativistic). The rotational kinetic energy of a body having
an angular velocity w is lw2/2, where | is its moment of inertia.

The internal energy of a body is the sum of the potential energy and
the kinetic energy of its component atoms and molecules.

It is a fundamental feature of physics that energy is always
conserved in any process. It has occasionally been suggested in
various contexts that energy is not conserved, but these suggestions
have always turned out to be incorrect.
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Work

The work done by a force acting on a body is the prOdUCt
of the force and the distance

moved by its point of application in the direction of the force. If

a force F acts in such a way that the displacement s is in a direction
that makes an angle 6 with the direction of the force, the work done
Is given by: W=F.scos8. Work is the scalar product of the force and
displacement vectors. It is measured in joules.
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Energy
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IS given by: W=F.scos8. Work is §fe scalar product oNhe force and
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Joule = the SI* unit for Energy

“from French Systeme international d'unités



Activity: What did you eat today?



Activity: What did you eat today?

Nutrition Facts

Serving Size 100 g

Amount Per Serving
Calories 250 Calories from fat 10

% Daily Value*
Total Fat 4%
Saturated Fat 1.5%

Trans Fat
Cholesterol 50mg — Nutrition Information
Sodium 150mg InH £F100ml NRV% - perig______
B T Energy 485 kJ 1 117 kcal

Total Carbohydrate 10g
Dictary Fiber 5g
Sugars 3g

Protein 16%
EEE—

Vitamin A 1% = Vitamin C 3%
Calcium 2% « lron2%

Fat 8g
Of which Saturates

Carbohydrate
Of which Sugars

fEE 284k)
:4=]5n 3.1g
AE s 3.79g

Protein :

Salt 0,02¢

Vitamin C 14,81 mg 19% RI*
Salt content is exclusively due to the presence of naturally

occurring sodum.
*Reference intake of an average adult g 400 kJ / 2 000 kcal

INGREDIENTS:Mandarin Oranges (37.9%), Light Whipping
Cream (Milk), Pears (12.4%), Peaches (7.7%), Thompson
Seedless Grapes (7.6%), Apple (7.5%), Banana (5.9%),
English Walnuts (Tree Nuts

kLS 4.8¢g
£ 62mg
£ 100mg

US China EU

*Percent Daily Values are based an a
2,000 calorie diet. Your daily values
may be higher or lower depending on
your calorie needs.




Q0O ([] v (< & 250 Calories in joules

G(ﬁ gle 250 Calories in joules

All Images Shopping Videos News

250 1.046e+6

Kilocalorie Joule

multiply the energy value by 4184

More info Feedback

People also ask

Try .th |S U se How much energy is 250 calories?
G OOg I e Cal C u I atO r, What is 1joule equal to in calories?
Wolfram, ChatGPT
etc to convert

en ergy un I-t S What does 250 kcal mean? Vv

Feedback

What is the value of 259 calories in joules J?
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multiply the energy value by 4.184

More info Feedback

People also ask

How much energy is 250 calories? v

What is 1joule equal to in calories? v

What is the value of 259 calories in joules J? v

Look and Look Again

spot the differences?

T ™ https://www.rapidtables.com > energy » Calorie_to_Joule :




Nutrition Facts

Serving Size 100 g

Amount Per Serving

Calories 250 Calories from fat 10
% Daily Value*

Total Fat 4%

Saturated Fat 1.5%
Trans Fat
Cholesterol 50mg
Sodium 150mg
Total Carbohydrate 10g
Dictary Fiber 5g
Sugars 3g

Protein 16%
EEE—
Vitamin A 1% = Vitamin C 3%

WRINVIMAINY o /Y - 1nmviIl £ 0

*Percent Daily Values are based an a
2,000 calorie diet. Your daily values
may be higher or lower depending on
your calorie needs.

Activity: What did you eat today?

*Percent Daily Values are based on a
2,000 calorie diet. Your daily values

may be higher or lower depending on
your calorie needs.

Note the term “dally”
Introduces a time period



Activity: Calculate human power.



Activity: Calculate human power.

eoe® (] v < Q. & 2000 Calories /1 day

G(ﬁ Jle 2000 Calories / 1 day

All Images Forums Shopping Videos : More

To lose weight Female Woman Diet breakdown Free printable Muscle gain

(2000 kilocalories) / (1 day) =

96.8518519 watts

People also ask :

Is 2000 calories a lot for one day?

Try this: Using the
same tools, divide
an energy unlt by Is it unhealthy to eat less than 2000 calories a day?

a tlme Unlt. What Is eating a lot of calories at once bad?

do you get?

How many calories can | eat if | only eat once a day?

-, EatingWell



Joule = the Sl unit for Energy
Watt = the Sl unit for Power (J/s)

A Watt is a *RATE™ (this is weird - the “per” is built in)

An electrical watt (Volts * Amps) is the same watt (the units work out!)



1Volt* 1 Amp

1T Watt

Rate

1 Joule / second

S| Energy Unit! Time

What this means: We have a way to measure thifigs with our
multimeters that share units with every energy pf

in the universe

omenon



Activity: Energy scavenger hunt.



Activity: Energy scavenger hunt.

1. Take a picture of the power label on

any electrical equipment at ITP.
Jameco™ [TEEIZ0h ’ o

PLUG IN CLASS 2 TRANSFORMER 2. Note its input power rating in watts.

G (If it only has volts and current, note
@ ususteo b e
5&35456 . ADAPTOR g

MODEL NO DDU1201006m S 3. Imagine how the item is used. Is it
: '; "l'.". ? n
PRODUCT NO : 170245 on constantly all day every day? Is it

INPUT - 120VAC 60Hz 22W i used intermittently”? Do you think it
OQUTPUT 1000mA ' has various power level? Make

reasonable guesses here.

4. Report back here with your data and
estimates.



Joule = the Sl unit for Energy
Watt = the Sl unit for Power (J/s)

‘Power = Energy/Time, and

‘Energy = Power x Time

The watt-hour is another unit for Energy,
more common than joule in many
applications (e.g. your power bill).
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‘Conclusions:

‘Energy (joule or watt-hour) is =
important, but surprisingly trleky to
pin down in everyday terms 3%,~

g}g 3 ‘ J‘ '- w""i 3 : i O “ - A

2 E’ﬁh ,‘ , |
‘Power (watt) is t ﬁbe rate of energyw, '

conversion (infor,..,;_,,i,é_ally consumpt/on”)

T e e —————
W
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-

Power is more famlllar from every
day life, especially electronics.

‘Power = Energy/Time, and

-Energy = Power x Time



Source: EIA Total World Primary Energy Product |
~550 Quadrillion BTUs / 1 year = 1.8x1013 Watts Cnergy NYUNTP
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Further Resources
Anything by Vaclav Smil
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Further Resources

Stuart McMillan on Buckminster Fuller
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across a whole year.. | 3

\| 1 o Jl 12

.The four enerqy slaves
temporarily work overtime with
the strength of a thousand men.

\ ‘”I‘l.
;il"j‘! " ‘.
i
They heave their effort into propelling
lhe speeding car down the highway.

Within hours, the slaves entire
stored energy is totally exhausted
2 after the srigle journey.
... 1

WU W, W U S S

. - '*“.
Ericineers were harnessria superhuman forces (P7/A NS

ot anmal-, firewood-, water— and wmd—power...

\ . -"Il | "|‘."' h A

- . \‘ ! ! A .
\\ ~kut humanity was still ving i
B & within the 'solar income budget R~
AN\ available through daily sunshine. < e
= g G\ |"] B RS “-, R -

-

: EATIAS

A

B Human ingenuity was
. simply redirecting
solar flows from

other parts of Earths @-/

ecosphere...

..and using technology
to conjure erergy slaves
from the environment.

https://www.stuartmcmillen.com/comic/



Further Resources

Podcasts
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Further Resources
‘Neighbors at NYU

& People | tmdiab.org (&) @ T Home - OpenAir Collective x “4

*s tmdiab.org/people T O B - vy B @ 1 o Finish update : i C *s openaircollective.com ) 4 O B - vy B & D 0 Finish update :

Transformative 2] orenAIR ABOUT MISSIONS RESOURCES HELP OUT JOIN FUND MERCH CHALLENGE
Materials
& Devices Lab HOME PEOPLE RESEARCH NEWS PUBLICATIONS |

OPENAIR

Home >> people

People

|

! % g\ L -

~ The Collective's impact is driven by defined projects that are conceived and led by ou
~ development, citizen science, policy advocacy and activist business
= r

' . .. Andre D. Taylor, Ph.D | G e X - - . :. e
& - “ FEATURED MISSION \ N oo 2D (‘- :
. . . .

Principle Investigator

Professor of Chemical and Biomolecular Engineering

0s://tmdlab.org https: //openalrconeC ive.com/



"Truly essential’

MARGARET
ATWOOD,
TED23

Not the End
of the World

How We Can Be the HANNAH
First Generation to Build RITCHIE
a Sustainable Planet

® 0 @® @ OurworldinData

< C

Our World
in Data

POPULAR PAGES

OUR MISSION

What do we need
to know to make
the world a better
place?

To make progress
against the pressing
problems the world
faces, we need to be
informed by the best
research and data.

Our World in Data
makes this

knowledge
accessible and
understandable, to

SLUDOWEL LIS C

2 ourworldindata.org ) * O B s

LGBT+ Rights

vy B =@

:= Browse by topic  Latest Resources v About E“

Smoking Mental Health Democracy Artificial Intelligence

Research and data to make
progress against the world’s
largest problems.

12,870 charts across 115 topics — All free: open access and open source

FEATURED WORK

ARTICLE - 10 MIN READ

Is the number of natural disasters
increasing?

A deep dive into missing data and the limitations of di
databases.

Hannah Ritchie and Pablo Rosado

o ©

Donate

COVID-19 Data Explorer

Finish update *



Kinetic workshop, next week
Solar workshop, week after that
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